INTRODUCTION
It is widely accepted by the scientific community that the Universe is undergoing a phase of accelerated expansion, well established by numerous cosmological observations [1] [2] [3] [4] [5] [6] [7] . The responsible for this accelerated expansion is thought to be a missing dark component with negative pressure dubbed as Dark Energy (DE) . Combined analysis of different cosmological observations indicate that about 73% of the universe consists of DE, while the other dark component, i.e. Dark Matter (DM), represents about the 24% of the universe, with the remaining part made by baryonic matter [8, 9] . Many different DE models have been proposed to explain this accelerated expansion, even if most of them cannot explain properly all the features of universe. The dynamical nature of DE can be originated by various fields, although a complete description needs a deeper understanding of the underlying theory of Quantum Gravity (QG).
An interesting attempt made in order to better understand the nature of DE is the proposal of the so-called agegraphic DE (ADE). This model was proposed by Cai [10] to explain the accelerated expansion of the universe within the framework of quantum gravity. The ADE model assumes that the observed DE comes from the space-time and matter field fluctuations present in the universe.
The original ADE has the following expression for the energy density ρ D :
where n 2 is a constant, m p = (8πG) −1/2 (with G representing the gravitational constant) is the reduced Planck mass and T is the age of the universe, defined as:
where H represents the Hubble parameter and a is a scale factor which is function of the cosmic
The original ADE model suffers from the difficulty to describe appropriately the matter-dominated epoch, for this reason a new version of ADE was subsequently proposed by Wei and Cai [11] : the time scale they choose for their model was the conformal time η instead of the age of the universe T , yielding the new-agegraphic DE (NADE) model. The energy density ρ D of the NADE is given by:
where η is the conformal time, which is defined as:
The NADE model has some new features respect to the original ADE and, for this reason, it is able to overcome some unsatisfactory points which are present in the ADE model.
The agegraphic models of DE have been also investigated in ample details (see [12] [13] [14] and references therein).
An important quantity studied in order to check the stability of a given model, namely the squared speed of sound v 2 s , is defined as:
The sign of v 2 s is important for stability of a background evolution. A negative value implies a classical instability of a given perturbation in general relativity. Myung [15] has observed that v 2 s for HDE is always negative for the future event horizon as IR cut-off, while for Chaplygin gas and tachyon, it is observed to be non-negative. Kim et al. [16] found that the squared speed of sound for ADE is always negative leading to the instability of the perfect fluid for the model. Moreover, it was found that the ghost QCD DE model is unstable [17] . Recently, Sharif and Jawad [18] have shown that interacting new HDE is characterized by negative v 2 s . A great interest has been recently poned to the Generalized Uncertainty Principle (GUP) and its consequences [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] since the Heisenberg uncertainty principle is not expected to be satisfied anymore when quantum gravitational effects become more important.
Even though the GUP has its origins in the string theory [29] [30] [31] , the GUP provides the minimal length scale, i.e. the Planck scale l p , and it may play a role of evolution of the universe. Especially, we expect that this can modify significantly the evolution of early universe at the Planck scale and inflation.
The purpose of this paper is to study the NADE in the light of GUP and it is organized as follow.
In Section 2, we describe the NADE model in the framework of GUP. In Section 3, we derive the EoS parameter ω G and the squared speed of the sound v 2 s for a particular choice of the scale factor a (t). Finally, in Section 4 we write the Conclusions of this work.
NADE WITH GENERALIZED UNCERTAINTY PRINCIPLE (GUP)
In this Section, we want to study the main characteristics of the NADE in the light of the GUP.
For scale factor a (t), we consider the following expression of the scale factor [32] :
where a 0 is the present value of the scale factor and t s and n are constants. With the choice of the scale factor given in Eq. (6), the Hubble parameter H becomes:
The metric of a spatially flat, homogeneous and isotropic universe in Friedmann-LemaitreRobertson-Walker (FLRW) model is given by:
where t is the cosmic time, r is referred to the radial component and (θ, φ) are the angular coordinates.
The Einstein field equations are given by:
where ρ and p are, respectively, the energy density and the isotropic pressure (choosing 8πG = c = 1).
We now consider the interaction between the NADE and DM using GUP. We start with extending the time-energy uncertainty to the GUP:
in the units of c = = k B = 1. The parameter ζ has the Planck length scale ζ ≈ l 2 p ≈ m 2 p . Solving the saturation of the GUP leads to:
where we use the relation of ∆t ≈ t for cosmological purpose. According to the GUP, the energy density ρ G is defined as [33] :
where δt is given by the Károlyházy relation of time fluctuations as follow:
ζ and t p are defined, respectively, as:
Consequently, the DE density is described with the two parameters (n, ξ) as follow:
Substituting t with η in Eq. (17), the DE energy density based on GUP takes the following form :
INTERACTING DE
We are now considering interaction between DM and the DE.
In order the local energy-momentum conservation law is preserved, the total energy density ρ total = ρ G + ρ m must satisfy the following continuity equation:
where:
p G , p m and ρ m denote, respectively, the pressure of the GUP based DE, the pressure of DM and the density of the DM.
Since in this paper we consider interaction between DE and DM, the two energy densities ρ G and ρ m are preserved separately:ρ
where Q represents an interaction term which can be an arbitrary function of cosmological parameters. Many candidates have been proposed in order to describe Q: the one chosen in this paper is Q = 3Hδρ m , where δ represents the interaction parameter, which exact value is still under debate.
With the choice of a (t) we have done in Eq. (6), the conformal time η assumes the following expression:
Using the expression of η given in Eq. (24) in Eq. (18), we get the energy density ρ G as a function of cosmic time t as follow:
Inserting Eq. (25) in the continuity equation for ρ G , we obtain the following expression for p G :
The behavior of the EoS parameter given in Eq. (27) is plotted in Figure 1 . It is clear from Figure 1 that ω G stays below −1 and, hence, it may be interpreted that the ω F has a phantom-like behavior. Using the expressions of the energy density ρ G and the pressure p G given, respectively, in Eqs. (25) and (26), we obtain that v 2 s can be expressed as a function of cosmic time t as follow:
The behavior of v 2 s is plotted in Figure 2 . It is clear from Figure 2 that v 2 s stays at negative level for the DE based on GUP with the choice of scale factor made in this paper. Thus, we can conclude that this DE is unstable for the expression of scale factor considered.
CONCLUDING REMARKS
In this work, we studied the characteristics of NADE model in the light of the GUP. We derived the EoS parameter ω G given in Eq. (27) and we plotted it in Figure 1 , which has shown a phantom-like behavior of ω G . Moreover, we also studied the main characteristics of the squared speed of sound v 2 s , which expression, given in Eq. (28) , is plotted in Figure 2 . This Figure 
